Preoperative identification of the components of atherosclerotic plaque was attempted using ultrasonography in five patients and magnetic resonance (MR) imaging in three patients before carotid endarterectomy.
Introduction
Carotid endarterectomy is a common neurosurgical procedure indicated for patients with over 70% ste nosis in the carotid artery.') Some atherosclerotic plaque is tough and more difficult to remove, whereas other plaque is fragile and easily creates em boli during surgical manipulation. Embolus from atherosclerotic plaque is involved in the pathogene sis of transient ischemic attack, so such differences in the components of the plaque are important. Therefore, preoperative detection of the compo nents of atherosclerotic plaque would allow plan ning of manipulation according to the type of atherosclerotic plaque. Ultrasonography',', 12,17) and magnetic resonance (MR) imaging7,15,1s) are both use ful to investigate the components of atherosclerotic plaques, i.e. calcification and hemorrhage. This study investigated the composition of atherosclerot ic plaques using preoperative ultrasonography and 
Patients and Methods
Carotid endarterectomy was performed in 14 patients between 1990 and 1995 at our institute and associated hospitals.
2) The components of athero sclerotic plaques were investigated by ultrasonog raphy in five patients and/or MR imaging in three patients before surgery (Table 1) . Patient age ranged from 46 to 70 years. All patients had ischemic symptoms with over 70% stenosis in the ipsilateral carotid artery or subclavian artery on digital subtrac tion angiography, which are the standard indica tions of the North American Symptomatic Carotid Endarterectomy Trial.') Endarterectomy was per formed by common methods.",") B-mode images and color-flow Doppler ultrasono grams (SSD-2000; Aloka, Tokyo) were obtained using a 7.5 MHz probe (UST-5524-7.5; Aloka). Echolucent echo and bright echo were distin guished. T1-weighted, proton density, and T2-weight ed images were obtained by conventional spin echo methods (Magnetom H15SP; Siemens, Erlangen, Germany). At surgery, the atherosclerotic plaques were removed as far as possible to minimize con tamination of blood during surgery. None of the patients showed any additional neurological deficit after surgery. Specimens were fixed in 10% buffered formalin solution, embedded in paraffin, and cut into 5µm sections. The sections were stained with HE and were evaluated by an experienced pathologist. The correlations between surgical find ings, histological findings, ultrasonographic images, and MR images were investigated. 
Results
The ultrasonography, MR imaging, surgical and histological findings are shown in Table 1 . Ultrasonography found an atherosclerotic plaque with a bright echo in one patient (Case 4). This bright echo plaque was tough, and so the vessel wall could have easily been penetrated during surgery. The plaque was predominantly composed of calcifi cation. Ultrasonography found echolucent athero sclerotic plaques in four patients. These echolucent atherosclerotic plaques had different MR imaging appearances which were correlated to surgical and histological findings. One plaque appeared as high intensity on the T1-weighted images and low inten sity on the T2-weighted images (Case 2). One plaque appeared as inhomogeneous intensity on the T2 weighted images (Case 3). Histological examination showed these two plaques were predominantly com posed of hemorrhage.
Atherosclerotic plaques which appeared as inhomogeneous on MR images were fragile, and might be a source of emboli in sur gery. One plaque was isointense on T1-weighted, pro ton density, and T2-weighted images (Case 5). In traoperative and histological examination found that this plaque was predominantly composed of fi brous tissue.
Representative Cases Case 2: A 46-year-old male presented with right hemiparesis. Angiography showed left common carotid artery stenosis (Fig. 1 ). Ultrasonography showed echolucent atherosclerotic plaque and MR imaging showed high intensity on the Ti-weighted image, isointensity on the proton density image, and low intensity on the T2-weighted image (Fig. 2) . The atherosclerotic plaque was predicted to be fragile and a potential source of emboli before clamping of the carotid artery, so the arteries were carefully dis sected. The plaque was fragile. Histological examina tion found hemorrhage in the plaque (Fig. 3) . Case 4: A 64-year-old male presented with onset of right hemiparesis. Angiography showed left internal carotid artery stenosis (Fig. 4) . Ultrasonography showed an atherosclerotic plaque with a bright echo (Fig. 5 ). Carotid endarterectomy was performed. The atherosclerotic plaque was tough and required care ful removal to avoid penetration of the vessel wall. Histological examination found predominantly cal cification (Fig. 6 ). Case 5: A 67-year-old male presented with right hemiparesis. Angiography showed left internal carotid artery stenosis (Fig. 7) . Ultrasonography showed echolucent atherosclerotic plaque and MR imaging showed iso intensity on T1 and T2-weighted and proton density images (Fig. 8) . Carotid endar terectomy found the atherosclerotic plaque was elas tic hard and partly fragile. This plaque was predominantly composed of fibrous tissue (Fig. 9) . 
